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Abstract
The large mammal community of the high Andes may be the least understood in
South America. It contains multiple threatened and charismatic species including the
Andean Bear, Mountain Tapir, Red Brocket Deer, Northern Pudu, and Puma. Many of
these species are lacking in distribution and population data. The highlands of the
Parroquia de Angochagua were once overgrazed by livestock, but have been mostly
restored over the last 20 years through conservation efforts by the local community.
These highlands are thought to have populations of all the previously mentioned species,
though they had not been surveyed before this study. Transect surveys and camera traps
were used over a one month period to confirm presence of species and gain insight into
niche partitioning and habitat preference among the large mammal community. The
presence of nine species was confirmed in the study area, including mountain tapir,
puma, white-tailed deer, and Andean bear. Because these highlands harbor high-profile
species but remain unprotected, this study provided a preliminary survey of the large
mammal community as a platform for further conservation efforts. Work was carried out
with the support of Big Mammals Conservation.

Resumen
La comunidad de los grandes mamíferos silvestres de los Andes es quizás una de
las menos entendidas en Sudamérica, y está conformada por varias especies amenazadas
y carismáticas incluyendo el oso andino, el tapir de montaña, el venado colorado, el
ciervo enano y el puma (Zapata-Ríos, Branch, 2016). No existe información acerca de la
distribución y el estado poblacional de muchas de estas especies. Las tierras altas de la
parroquia Angochagua fueron una vez sobrepastoreadas por el ganado, pero han sido
restauradas en su mayor parte durante los últimos 20 años a través de esfuerzos de
conservación por la comunidad local. Se cree que estas tierras altas tienen poblaciones de
todas las especies mencionadas anteriormente, aunque no se habían investigado antes de
este estudio (Laguna, 2018, CP). Debido a que estas tierras altas albergan especies de un
alto grado importancia ecológica pero aún permanecen desprotegidas, este estudio buscó
examinar a la comunidad de grandes mamiferos como un prerrequisito para efocar
mayores esfuerzos para su conservación. El trabajo se llevó a cabo con el apoyo de Big
Mammals Conservation (BMC), y sirvió como un proyecto piloto para un estudio a largo
plazo de las densidades poblacionales de los grandes mamíferos en el área. Se utilizaron
encuestas de transectos y trampas de cámara durante un mes para confirmar la presencia
de las especies y obtener una perspectiva del uso y la preferencia de hábitat de esta
comunidad de mamíferos. Se confirmó la presencia de nueve especies en el área de
estudio, entre ellas el tapir de montaña y el oso andino ambos en peligro de extinción,
también y el puma, el venado de cola blanca de los cuales se conoce muy poco sobre sus
poblaciones en los Andes norte del Ecuador.

LARGE MAMMALS OF THE HIGH ANDES

4

Ethics
All work was conducted through the non-profit Big Mammals Conservation, and
all necessary permissions for conducting research on private land were attained by the
project advisor, Andres Laguna. Camera traps and transect surveys are non-invasive
methods for studying mammal populations and do not involve any human contact with
wildlife. Traps were placed far from development, ensuring that human subjects would
not be photographed without consent.
Introduction
As the first study of large mammals in the Angochagua highlands, the objective of this
project was to inventory species and learn about their use and partitioning of habitats
within the area as a platform for future studies and conservation efforts.
Large mammals form the top tiers of the trophic pyramid and are vital in
maintaining ecosystem structure and function (Estes et al., 2011). Large herbivores
control and shape vegetation, while apex predators keep herbivores in check and prevent
overgrazing (Stoner et al., 2007). This pattern has been observed in ecosystems around
the world and is particularly well documented in Yellowstone National Park (Painter
2015). Wolves were extirpated from the park in the 1920s, and the resulting boom in elk
populations shifted the equilibrium of the ecosystem towards over-browsing. Aspen tree
recruitment declined so much that the landscape visibly degraded (Estes et al, 2011).
Since the reintroduction of wolves in 1996, the habitat has largely recovered, vividly
demonstrating the role that a balanced large mammal community plays in maintaining
ecosystem function (Painter, 2015). Similar findings were documented on islands in
Brazil formed by the construction of a new reservoir, where predators were eliminated
from the islands. The study found that in the absence of predators, abundance of
herbivores increased dramatically while vegetation was very reduced (Terborgh, 2001).
Herbivores also provide crucial services to plant communities through seed dispersion
and maintaining plant turnover, while predators limit herbivory and prevent destructive
overgrazing. Since plant cover reduces erosion and helps filter water, maintaining
functional mammal communities can also be an investment in ecological services.
As in any large mammal community, the large mammals of the high Andes
maintain the landscape through seed dispersion, nutrient dispersion, and controlled
herbivory (Stoner et al., 2007). Since nearly all municipalities in Ecuador draw their
water straight from the páramos, often without treating it, these large mammals provide
valuable ecosystem services by maintaining the vegetation that prevents erosion and
filters and stores water. Ibarra, a large city with over 130,000 residents, draws all of its
water from the Angochagua highlands. These highlands were historically overgrazed and
degraded, and they were thought to have lost most of their native large mammal fauna
(Laguna, Fox, Personal Communication). As a result of 20 years of conservation and
restoration efforts, these highlands are now in relatively good condition, and locals have
witnessed a resurgence of these species (Laguna, Fox, Personal Communication).
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The mammal community of the high Andes may be the least understood mammal
community of Ecuador (Mittermeier, 2004) The species richness of the Andes is also
among the highest in the world for mammals (Shipper et al., 2008). Among this group are
many threatened and charismatic species including the Andean bear, mountain tapir, red
brocket deer, northern pudu, and puma. Many of these species are lacking in distribution
and population data, hindering conservation efforts. Moreover, the Andes ecosystem
suffers some of the highest rates of deforestation and habitat fragmentation in the world,
making distribution and population data of utmost importance for these threatened
species (Schipper et al., 2008). This study sought to obtain this sort of data for the
Angochagua highlands, through inventorying these species and learning about their use
and partitioning of habitats within the occupied area.
Sixteen species of large mammals (defined as “large” if they weigh over 1kg at
maturity), eight of which endemic, have been identified in high Andean habitat (Tirira,
2007). Of these, five are listed as threatened or endangered across their range by the
IUCN: Andean bear, northern pudu, little red brocket deer, Colombian weasel, and
mountain tapir. Four others - the puma, the mountain coati, the Andean porcupine, and
the pampas cat - are also considered vulnerable in Ecuador (Tirira, 2011). Though there is
a resistance to habitat fragmentation varies across mammal species, all in this community
likely suffer from habitat loss and fragmentation (Garmendia et al., 2013). In this system,
Andean bears and pumas are the top predators, while mountain tapir, three species of
cervidae (hoofed ruminants), tapití (an endemic rabbit), mountain paca, and Andean bears
are the primary herbivores (Tirira, 2007). Bears appear on both levels of the trophic
pyramid, since they are omnivorous and have the ability to prey on large mammals
despite the bulk of their diet coming from plant matter (Peyton, 1980). The pampas cat,
Andean Fox, Mountain Coati and Skunk are smaller predators and omnivores that prey
on tapití and other small herbivores.
The mountain tapir is a large herbivore that inhabits tropical montane forests and
páramo from 1400 - 4700 m of elevation along the Eastern Andes extending from
northern Peru though Colombia (Downer, 1996). The Andean forest is the most quickly
declining habitat in the Andes, yet it remains the most important for mountain tapir
survival (Downer, 2001). The tapir’s range has been severely fragmented, and the species
is also hunted, with both factors driving the tapir to the point of genetic inviability in
many locales (Ortega-Andrade et al., 2015). Though no study has thoroughly surveyed
mountain tapirs throughout their entire range, potential habitat mapping and local density
estimates have been extrapolated to estimate the entire population at 2500 or under
(Downer, 1996). The population and range of mountain tapirs remain poorly known, and
the species is currently considered endangered (IUCN Red List). Because of its important
role as a long-distance seed disperser, ecological engineer, and prey for pumas and bears,
the mountain tapir is a keystone species in the habitats it occupies (Fragoso, Huffman,
2000).
The Andean Bear is another high-profile species for conservation. Currently
considered threatened throughout its range (IUCN Red List), its population exhibits a
downward trend. The Andean Bear is an omnivore that primarily feeds on the tender
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hearts of bromeliads and various fruits (Troya, 2004). As such, Andean bears are also
important long-distance seed dispersers. Though less characteristically, Andean bears
also eat small insects and occasionally hunt larger animals like tapirs (Peyton, 1980). In
habitats where tapirs are rare or absent, Andean bears have been known to hunt and eat
cattle from ranches on the forest edge (Zukowski, 2016). These conflicts between bears
and livestock sometimes lead to the bears being killed. Conflicts between humans and
predators of this sort remains one of the major causes of carnivore declines worldwide
(Lucherini, Merino, 2008). Andean bears are currently distributed along the Andes
Mountain Range from Bolivia to Venezuela, inhabiting an elevation range from 200 –
4750 m above sea level (Rios-Uzeda, Gomez, Wallace, 2006). Their habitat preferences
vary regionally to include dry forests, cloud forests, montane Andean forests, dry and
moist shrublands, and páramos (Rios-Uzeda, Gomez, Wallace, 2006). Individual bears
often migrate between different habitat types in pursuit of seasonal foods (Rios-Uzeda,
Gomez, Wallace, 2006). Though density estimates are still contested, a preliminary
estimate found a density of 4.4 to 6 bears per 100 square kilometers (Ríos-Uzeda,
Gómez, Wallace, 2007). Due to its varied habitat and expansive territorial needs, the
Andean bear is considered an umbrella species of the high Andes.
Puma and pampas cat are the only native felid species in the study area. Pumas are
the apex predator in the ecosystem, while the pampas cat preys on smaller mammals in
the community. Though the puma is the most widely distributed terrestrial mammal in the
Western Hemisphere and is officially listed as “least concern”, it is considered vulnerable
in Ecuador (Tirira 2011). The pampas cat is considered “near threatened across its range,
and is rare in most parts of its range (IUCN Red List). Both cats are native to most
habitats in Ecuador, including the high Andes (Tirira, 2007). As the largest carnivore in
the high Andes, the puma plays an important role in influencing populations and behavior
of large herbivores. Because of their need for large and varied habitats, the puma has
been proposed as an umbrella species in parts of its range (Thorne, Cameron, Quinn,
2006). Though there has been limited research on pumas in Ecuador, they are known to
suffer from high genetic drift in fragmented habitats of California and Florida (Riley et
al., 2014). Jaguars in the Atlantic forests of Brazil are suffering the same fate (Haag et al.,
2010). Since similar habitat fragmentation trends characterize Ecuador’s high Andes,
pumas likely face these same threats.
Three cervids are native to the study area, and all are important herbivores and
prey for Andean Fox, Puma, and Andean Bear (Tirira, 2007). Little red brocket deer and
northern pudu are among the smallest cervid species, and both are endemic to the Andes
of Peru through Colombia (IUCN Red List). Little red brocket deer and northern pudu are
both considered vulnerable by the IUCN and lack complete distribution and population
data. The third deer species native to the study area is the white-tailed deer, which is
widely distributed through North America, and Northern South America. White-tailed
deer are listed as “least concern” by the IUCN, but they are considered rare in the area by
Angochagua locals.
The Andean Fox (also known as culpeo) is the only canid native to the
Angochagua highlands, and preys predominantly on little red brocket deer and northern
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pudu (Gutiñas et al., 2017). Distributed along the Andes range from southern Colombia
to Tierra del Fuego, it occupies a wide range of habitats and is not considered threatened
(IUCN Red List). Feral dogs are the only other canid in the study area, and they are an
introduced species. Feral dogs form packs and are known to replace native species apex
predators in predator communities around the world (Zapata-Ríos, Branch, 2015). A
recent study found that feral dogs in Cayambe-Coca National Park reduce the richness
and population density of large mammals and alter the habits of mountain tapir, Andean
bear, and little red brocket deer (Zapata-Ríos, Branch, 2015). Assuming this same pattern
exists in the Angochagua highlands, dog signs found in the study area could have serious
implications.
Many smaller mammal species also inhabit the high Andes of Northern Ecuador
and could be present in the highlands of Angochagua (table 1). These include the
Mountain Paca, Mountain Coati, Hog-nosed Skunk, Brazilian Cottontail Rabbit (also
known as tapití or tapeti), Northern Pudu, Long-Tailed weasel, Colombian weasel, and
Andean white-eared opossum. Though these species are smaller and less well known than
the six described above, they all contribute to the stability and function of the ecosystem
and merit study.

Table 1: Table of all large mammals (over 1 kg at maturity) known to inhabit the
Cayambe-Coca National Park, compiled by Zapata-Rios and Branch, 2015, using data
from Tirira, 2007.
In addition to surveying composition of large mammal communities, it is valuable
to understand niche partitioning between species, since niche partitioning influences
species’ use of the available habitat. Niche partitioning between competing species is
defined as mutual avoidance and can take the form of spatial partitioning or temporal
partitioning. Because habitat partitioning requires sufficient space for species to avoid
each other, this form of partitioning could lead to decreased population densities.
Temporal partitioning is an alternative that allows two competing species to avoid each
other while coexisting in the same habitat. For example, in the Zambian carnivore guild,
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wild dogs and cheetahs compete with lions and hyenas for resources, and they generally
exhibit temporal avoidance to reduce conflict (Dröge et al., 2016). Cheetahs and wild
dogs are less active at night despite easier hunting, because lions and hyenas are the
dominant predators and prefer the cover of night for hunts (Cozzi et al., 2012). In North
American ecosystems, black bears have been documented stealing kills from pumas,
forcing pumas to hunt more frequently (Elbroch et al., 2014). Since pumas and Andean
bears are both apex predators in the Angochagua highlands, spatial or temporal
partitioning may similarly exist between these two species. Additionally, since both hunt
mountain tapir, tapirs likely avoid the species temporally and/or spatially in the study
area. Interspecies avoidance can shape the distribution and habitat usage of all species in
the large mammal community, and this distribution determines the amount and types of
habitat needed to support the community. As such, understanding inter-species avoidance
and habitat partitioning in the Angochagua highlands and the high Andes in general
becomes a predicate to determining how much land must be protected to maintain the
community as a whole.
Among the groups working to understand the large mammal community and its
interactions in the high Andes of Ecuador is the nonprofit organization Big Mammal
Conservation (BMC for short). The BMC works to protect large mammal communities
across Ecuador through research, education, and community involvement. BMC receives
funding from the Environmental Ministry of Ecuador to support these goals. A large
component of its conservation effort focuses on educating agricultural communities about
local wildlife and working with them to avoid bear–livestock conflicts. Andres Laguna,
director of the BMC, has become one of the leading figures in Ecuador researching and
preventing bear-human conflicts. The BMC also operates a veterinary clinic to respond to
injured wildlife, and the clinic treats household pets as well in order to support the
community and engender goodwill for its mission.
The BMC is currently focusing its attention on the wildlife that inhabits the
mountains of Angochagua. It has over 30 camera traps available for distribution
throughout the area, and 10 radio collars to be deployed on bears for movement studies.
Andres Laguna will be conducting a long-term study in the area on Andean bears with
camera traps and radio telemetry to estimate their population and density. Since Andean
bear densities are still largely unknown throughout their range, this data could be very
useful for population estimates and habitat allocation in the future.
This project was part of the overall research organized by BMC. In addition to
preliminarily surveying the large mammal community, a secondary goal was to test
camera trap locations to determine which ones are sufficiently productive to support a
larger study. In this sense, this study served as a pilot-project for the longer-term study
that Andres Laguna will commence this winter. All camera traps that registered large
mammals during this study will be left in place, and those that didn’t will be reviewed for
switching to new locations.

Study Area
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The study area consists of the mountains surrounding the valley communities of la
Rinconada, Angochagua, and Zuleta in the high Andes of Northern Ecuador. All three
communities and the surrounding highlands fall within the Parroquia of Angochagua. In
this paper, the study area is referred to as the Angochagua highlands. The location was
selected by the BMC for a long-term study on Andean bear density since there is a known
population of bears confined by foothill agriculture, and the local communities support
the research.
The study area officially covers 62.85 square kilometers of relatively pristine
páramos and Andean Forest from 2800 m to 3900 m. Although the study area was
described as overgrazed and degraded up until twenty years ago, long-term conservation
and restoration efforts have largely restored the historical landscape. The patches of
Andean forest are restricted to moist valleys protected from the wind, while the páramos
cover the exposed ridges and rolling plateau at the top of the mountain block. The west
side of the mountains is comprised of three valleys that contain the communities of la
Rinconada, Angochagua, and Zuleta, in order from North to South. The East side of the
mountains is mostly forested and almost entirely undeveloped (though also unprotected),
extending to the border of the Cayambe-Coca National Reserve. The terrain throughout
the study area is very steep and punctuated by cliffs, with small perennial streams
draining each valley.
The Angochagua highlands are the primary source of water for the city of Ibarra
as well as most surrounding rural communities. Since these communities do not always
treat water, a clean source is very important for human health. This dependence on the
Angochagua highlands for collecting, filtering, and storing drinkable water caused the
communities to work on restoration over the last twenty years. Cattle used to graze all the
way up the valleys and across all of the páramo plateau and ridgelines, but they are now
mostly contained to the valley bottoms by barbed wire fences. BMC has uses the
argument that large mammals are the caretakers of the páramos to compel communities
to participate in large mammal and habitat conservation for the sake of clean drinking
water.
Though the temperature and precipitation in the area vary by elevation and
microclimate, the average temperature year-round for Parroquia Angochagua is 14.5
degrees Celsius with minimal seasonal fluctuation (NRK). Precipitation in the area is
very seasonal with peaks in Spring and Fall, and zones in the study area varying from
semi-arid to very humid. The study period (November 12 through December 5)
represented the start of the rainy season, and accordingly, rain fell almost every day
during data collection. Mornings generally started cloudy and cleared up somewhat by
mid-day, and thunderstorms often came in the afternoon. Fog clings to the valleys in this
area, making the forests particularly moist. With low clouds, the high páramo plateau was
also often inundated in fog during the study period.
th
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The study area is not nationally protected and thus remains susceptible to
agricultural expansion, development, and intentional burning, especially if community
policy changes. Farmed alpacas still graze in the high páramo, and cattle graze in all of
the low valleys and on all terrain that is not overly steep. Planted pine and eucalyptus
plantations also intrude into the native Andean forests. Hunting in the area was once
common but now is illegal and no longer a large threat. The Angochagua study area is
thought to contain most or all of the large mammal community present in Cayambe-Coca
National Reserve, since the habitats are now in suitable condition. Andean bears, Andean
Condors, and Mountain tapirs are perhaps the most high-profile and charismatic species
in the study area, all three drawing a high conservation priority. There has been no
previous study officially inventorying the large mammal community of the Angochagua
highlands or studying habitat partitioning in the area. Published data on the large
mammal community of the Angochagua highlands could be used to promote national
designation of this site as an ecological reserve or gain broader support of local
communities for conservation efforts.

Methods

This study was a pilot project of the BMC. While the organization had studied
species on a small scale in other areas, this project pioneered the survey effort in the
Angochagua highlands. The approach relied on two basic methods to detect and record
the presence of any big mammal species: transect surveys and camera traps. Transect
surveys were used to cover as much area as possible and gather location data, while
camera traps were used to back-up species identification in transects, produce temporal
activity data for species, and capture species that leave few visible traces. The data
gathering was accomplished during many full-day and overnight excursions into the area
over a period of three weeks. As a pilot project within the BMC, all resources were
supplied by that organization, and the data gathering schedule was dependent on
availability of BMC members and equipment. Consequently, the transect methodology is
somewhat unconventional, but methods were kept as consistent as possible within
operational, transportation, and time constraints.

Transect Surveys
Eleven transects were surveyed in total, ranging from 2872 m to 3891 meters in
elevation and 0.1 km to 9.5 km in distance. The average transect length was 2.9 km, and
the total length surveyed with transects combined was 28.4 km. Each transect was
surveyed twice, with a minimum of 13 days between surveys. Surveys were sampled
once during excursions to place camera traps, and once more during excursions to collect
camera trap data. In total, 56.8 kilometers were walked between the two rounds of
surveying.
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Though ideally transects would be evenly distributed across the study area, equal
in distance, and straight in nature, these qualities were neglected in the interest of
expediency. All camera traps were remote and only accessible by hiking, and setting and
revisiting camera traps consumed the entire study period. To most efficiently obtain both
transect and camera data, transects were delineated as the paths walked to access camera
traps from the nearest road or development. Consequently, transects were winding and of
varying lengths, passing through differing habitat types and following the perceived path
of least resistance through the terrain. Since the majority of camera traps were set in
Andean forest near the border with páramo, the majority of transects weave between
forest and páramo habitats. Using waypoints set at the transition borders between forest
and páramo, the study recorded the rough distance of each transect in forest and in
páramo respectively. A Garmin InReach satellite GPS system tracked all transects and
recorded all measurements of distance, elevation, and location. Because transects were
calibrated to camera trap locations, they were spread somewhat evenly throughout the
study area.
Andres Laguna or at least one Forest Guard was required to accompany every
excursion into the study area. Therefore, there were always two people actively
surveying, sometimes accompanied by other bystanders. Surveyors walked slowly,
searching for any evidence of large mammals within sight on either side of the transect.
Indirect observations were classified in one of six categories: feeding site, resting site,
trail, tracks, feces, or scratch marks. Not every observation type pertains to all species;
for example, scratch marks only apply to bears and pumas, and feeding sites can only be
identified definitively for bears. Andres Laguna and the Forest Guards served as experts
to confirm the identification of each indirect observation, relying on their localized
observational experience of these species. Each observation was recorded with a GPS
coordinate, elevation, and habitat type. When possible, photos were taken of registries.
Investigators recorded feeding sites only if the species responsible could be
identified with corollary evidence. Since Andean Bears are the only large mammal
species that specialize in eating bromeliads, torn up bromeliads were always registered as
bear feeding sites. Because Andean bears only eat the base of bromeliad leaves, they
leave discarded piles of leaves beside core-less plants after feeding. This distinctive habit
associated with all bromeliad consumption makes bear feeding sites unmistakable. Since
one bear can feed on many plants in one sitting, dispersing material over a small
contiguous area, investigators aggregated evidence seemingly associated with one
feeding activity, requiring 5m separation distance to enter a separate observation.
Resting sites were classified as depressions in the vegetation that resembled the
shape/size of a large mammal. Since such depressions alone are not enough to identify
the observation to the species level, resting sites were only counted where there was
nearby conclusive evidence of the species’ presence. For example, large depressions in
the grass proximate to observations of tapir tracks and feces were counted as tapir resting
sites. Trails were treated with the same level of discretion; only animal trails with
conclusive observations on them were counted.

LARGE MAMMALS OF THE HIGH ANDES

12

Tracks also formed conclusive evidence of a species’ presence, but were limited
to the few areas having suitable substrate for forming prints. Tracks were identified to
species level by the local experts, and tracks were only marked as separate observations if
at least 15 meters apart. Since it can be difficult to know whether nearby tracks are from
the same individual, tracks could not be used for analyses of relative activity across the
landscape.
Feces and scratch marks were readily identifiable and conclusive forms of
observations. Each species of large mammal has distinctive and unique feces, and each
observation of feces was counted regardless of distance from the last. Since only pumas
and bears use scratch marks for communicating and marking territory, and since each
species has a unique way of scratching trees, all scratch marks were also easily associated
with the responsible species.

figure 1: map of all transects in the study area, red and blue used to distinguish adjacent
transects.

Camera Traps
Sixteen Bushnell Trophy Cam HD camera traps were positioned strategically in
fifteen sites throughout the study area, generally one or more kilometers apart (two traps
were placed in the same site, to provide different angles of the same registries). A
computer model generated ideal camera trap locations by spreading cameras exactly one
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kilometer apart in all directions to form a grid. However, the final placement was decided
by Andres Laguna based on the perceived likelihood of sites capturing registries.
Deviation from the model occurred to locate camera traps on existing animal trails or in
areas where animal activity appeared high. Because this project is a pilot project for a
longer-term BMC study on bears, it was a priority to place cameras near bear registries,
when possible. When each camera was situated on the terrain, investigators recorded the
GPS coordinate and elevation of the trap along with the surrounding habitat type (forest
or páramo). Each camera trap was left in situ for at least thirteen days. As to those that
were left running longer, only the first thirteen days of data were analyzed for
comparisons of relative activity. With fifteen unique camera traps recording for at least
13 days, the study was designed to log at least 194 24-hour days of recording. The
camera traps were set to hybrid mode (activated by a passing animal), taking three
consecutive photos followed by a 10-second video. After retrieval, investigators
processed all photos and videos from all cameras, identifying each individual animal and
recording the time of capture.

Figure 2: Camera traps distributed across the study area. Trap 13R was defective
and did not record, and Traps 16 and 17 were duplicates capturing the same site from
different angles.
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Results

Transect Surveys
Over the course of 9 days, 11 transects were surveyed twice. Individual transects
ranged from 0.2 kilometers to 9.5 kilometers in distance, but were 2.6 kilometers on
average. The combined distance of all transects measured 28.4 kilometers. No species
were directly observed, so all information presented comes from indirect registries. In
total, investigators observed 140 indirect registries from 9 species, the majority of which
(88) from Andean bear. Some species were very uncommon in transect surveys, with
white-tailed deer and pampas cat observed only once respectively, and paca only
observed twice. All species are displayed in figure 3.

figure 3: Summary table of registries for all species encountered
Some transects were more productive than others for indirect observations, with
the most producing 27 registries, and the least producing only 2 registries (figure 4).
Because transects differed so much in distance, habitat, and terrain, the marked variance
in registries cannot easily support landscape-level conclusions.
Transect

Distance (km)
1
2
3
4
5
6
7
8
9
10
11

2.6
1.1
9.5
0.5
0.2
2.2
4.3
2.3
0.1
2.5
3.1

Elavation Min
Elevation Max
2872
3183
2962
3891
3483
3572
3571
3602
3590
3590
3595
3657

Survey Dates
11/12, 11/28
11/13, 11/28
11/15, 11/29
11/16, 11/29
11/16,11/29
11/15,11/30
11/16,11/30
11/19. 12/05
11/20, 12/05
11/20, 12/05
11/20, 12/05

Total Registries

No. of Species
27
7
3
4
2
5
2
17
2
12
17

% Páramo
4
1
3
1
1
3
3
1
2
5

% Forest
0.95
0.1
0.95
0.6
1
0.95
0.5
0.9
1
1
0.85

0.05
0.9
0.05
0.4
0
0.05
0.5
0.1
0
0
0.15

figure 4: Summary table of transects for all surveyed
Distribution data for species is key to optimal management of the Angochagua
highlands. Bear, puma, rabbit, and Andean Fox were distributed fairly evenly across the
study area, while the other 5 species were each only recorded on a single transect. But
beyond this basic quantitative data, the most important results from the study may be the
following maps showing species distributions in relation to waypoint data (figure 5 and
appendix, respectively). Because all registries are confined to the narrow linear strips
delineated by transects, the maps do not conclusively suggest absence in unsurveyed
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areas; they only confirm local presence of species when recorded. Figure 5 shows a
satellite image of the entire study area with all registry waypoints for all species depicted
and color coded.

figure 5: All transect registries for all species, regardless of registry type.

Because bear registries far outnumbered the registries of any other single species,
separating bear registries from the aggregate registries of all species simplifies the map.
The abundance of data on bears permits further delineation by registry type across the
landscape. This level of analysis offers a glimpse at the Andean Bear’s habitat
preferences for different activities. Feeding, for example, was registered only in areas
featuring bromeliads, such as the lower slopes having Puya (genus of bromeliads) and in
forests producing epiphitic bromeliads. Figure 6 is a satellite image of the study area
showing an overlay of exclusively bear registries, color coded by registry type.
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figure 6: All bear registries color coded by registry type within the study area.
Further simplifying the map of registries, figure 7 shows only those registries
from herbivorous species, excluding bears. With sufficient data, this view would
theoretically show any competitive habitat partitioning by such herbivores across the
landscape, But due to the lack of registries from herbivorous species, this map does not
accurately represent habitat partitioning (if it exists in the study area). It does, however,
confirm the presence of herbivorous species where they were observed. As the map
shows, all herbivorous species, except for rabbits, were each only observed on a single
transect.
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Transect Registries-Copy
Deer Registries

Paca Registries

Rabbit Registries

Tapir Registries

2km

figure 7: All registries from herbivorous species across the landscape, exxcluding Earthstar
bears, Geographics
to simplify registries enough to view distributions of individual species.
In contrast to the map depicting the presence of herbivorous species, a map
showing the presence of carnivorous species reflects generally wider and more even
distributions (figure 8). Pampas Cat and Feral dogs were each only recorded on a single
transect, transect 10, but the paucity of data confirming their presence may be explained
by the limited areas in the transect having the mud substrate conducive to forming paw
prints.
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figure 8: All registries from carnivorous species across the landscape, exxcluding bears,
to simplify registries enough to view distributions of individual species.

The sample coverage for the transect surveys resulted in 98.58%, suggesting that
the majority of species present in the community were detected in transect surveys.
Assuming that all sixteen species known to occur in the bordering habitats of CayambeCoca National Reserve are present in the study area, only 56.3% of species were detected
in transect surveys, giving a theoretical coverage of 56.3%. Since the theoretical coverage
is much lower than the calculated sample coverage, this could indicate that the large
mammal community of the study area is an incomplete portion of the large mammal
community of the greater ecosystem. Nevertheless, the high sample coverage could also
be a result of the methodology of counting every animal sign as a registry rather than
every individual animal as a registry. Figures 9 and 10 show the species accumulation
curve for the transect surveys and the sample coverage curve, respectively.
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figure 9: Species accumulation curve for all transect registries with n=140, S. obs. = 9,
C. hat = 0.9858. Figure produced by iNext Online.

figure 10: Sample coverage curve for all transect registries with n=140, S. obs. = 9, C.
hat = 0.9858. Figure produced by iNext Online.
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In addition to mapping the presence of each species, relative habitat usage
between forest and paramo was quantified for each species. Because transect distances
were not equally allocated between páramo and Andean forest habitats, the study
calculated the total distance of transects in each habitat category and calculated the
average number of registries per kilometer forest and per kilometer páramo for each
species. This adjustment in data compensates for the unequal survey effort in the two
habitats. To visualize differences in habitat preference between species, figures 9 and 10
show the registries per kilometer forest as contrasted with the registries per kilometer
páramo. Bear, puma, tapir, and fox showed higher relative activity in forest habitats,
while deer, dog, pampas cat, rabbit, and paca showed higher relative activity in páramo
habitats.

Habitat Usage by Species with Bears
10
9

Registries per Kilometer

8
7
6
5
4
3
2
1

Bear

Puma

Tapir

Deer

Fox

Dog

Pampas
Cat

Paca

paramo

forest

paramo

forest

paramo

forest

paramo

forest

paramo

forest

paramo

forest

paramo

forest

paramo

forest

paramo

forest

0

Rabbit

figure 11: Habitat usage by species with bears included in the data set.
As in other data sets, Andean bear registries overwhelm the visual depiction for
other species (due to the abundance of bear data), so figure 12 eliminates bear registries
to better visualize differences in habitat usage between the remaining species.
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figure 12: Habitat usage by species with bears included in the data set. Bears, Puma,
Tapir, and Fox have higher rates of registries in Andean forest while Deer, Dog, Pampas
Cat, Paca, and Rabbit have higher rates of registries in Páramo.
To further analyze niche partitioning, the study compared peak elevation
occupancy between all species to determine overlap. Habitat partitioning is a welldocumented response to competition in mammal communities, so we would expect to
find it in the Angochagua study area. Because the study area covers a range of 1000m
and is characterized mostly by very steep terrain, elevation occupancy is a relatively easy
way to show niche differences. Figures 13 and 14 show the relative activity in each 100m
zone for each species, potentially indicating elevation partitioning within the large
mammal community. Figure 14 excludes bear data to amplify the plots of other species’
elevation occupancy.
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figure 13: Elevation occupancy by species, with Andean bears included in the dataset.
Peaks represent higher occurrence of registries, and therefore imply preference for that
elevation, given a thorough survey standardized across elevation segments.

figure 14: Elevation occupancy by species, with Andean bears excluded from the dataset
to magnify trends of other species.
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To determine the significance of any differences in average elevation occupancy
between species, a two-tailed “two sample unequal variance” t-test was performed in
excel. Figure 15 shows the p-value for each comparison between two species. Assuming
a significance level of 0.05, the elevation occupancy of Andean bears is significantly
different than that of all other species encountered (figure 15). Between the remaining
species, statistically significant difference occurs only between mountain tapir and whitetail deer and between deer and rabbit (figure 15).

figure 15: Table of p-values from a two-tailed t-test in R on differences in average
elevation occupancy.

Camera Traps
Of sixteen camera traps set in 15 locations, three were defective and did not
record during the study period. Of the remaining thirteen cameras, two were duplicates at
the same site, intended to capture different angles to increase the likelihood of producing
registries (focussing on a bear scratch tree). Consequently, 12 unique sites were observed
through camera traps. Of the 12 cameras, one was broken and removed from the pole by
an Andean bear, and thus only recorded for four days. In aggregate, the 12 cameras
logged a total of 149 days.
In contrast with the transect surveys, the camera traps were relatively unproductive
and only captured 16 registries from 5 species. All five species (Andean bear, puma,
white-tailed deer, tapití, and mountain paca) were also recorded in transect surveys, so
camera traps did not produce any unique results. Rather, camera traps served to confirm
identifications of signs found in transect surveys, especially in the case of northern paca
and white-tailed deer. The only registry of deer in transect surveys was a single hoof
print, which is not conclusive enough to identify the registry to species level (since three
members of Cervidae could be present in the study area). Because the hoof print was
found close to a camera trap that caught white-tailed deer, the hoof print was deduced to
be from a white-tailed deer (since the size of the hoof print also corresponded with this
identification). Similarly, while animal feces were found in a transect survey in front of
camera trap 2R, the species producing the feces was unknown until footage from the
camera trap conclusively revealed a mountain paca defecating at the site.
For species with few registries, such as mountain paca, puma, and white-tailed
deer, the camera trap data also added important data points to the distribution maps and
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elevation occupancy presented above (figures 5, 6, 7, 8, 13, &14). Because the primary
purpose of this study was to show species’ presence in specific locations, data from both
indirect (transects) and direct (camera traps) observations was useful. The camera traps
produced helpful data associating species’ activity with time of data, which can reveal
daily activity patterns of animals. Previous studies of large mammals have shown that
competing species may avoid each other by being active at different times during the day
or night. Accordingly, the temporal specifics of camera data in the Angochagua study
area can help managers better understand the interactions of competing large mammals.
Unfortunately, the camera traps produced an inadequate number of registries to permit
meaningful analysis as to temporal avoidance between species in this particular study
area (though as part of a pilot study, the limited data acquired confirmed the potential
benefit and feasibility of this observation method). Despite the lack of data, the summary
table below correlates time of day with observations. The sole puma registry and the
limited northern paca registries were gained during dark hours, while deer were seen
exclusively in the morning, and bears and tapití were observed in both light and dark
hours. These times may reflect activity patterns for these species in the study area and
could suggest directions for further study.

Camera
R2
R3
R3
Z7
Z7
Z7
Z8
Z9
Z9
Z5
Z5
Z5
Z6
Z6
Z6
Z6
Z6

Species
Paca
Paca
Paca
Puma
Deer
Deer
Bear
Bear
Bear
Rabbit
Rabbit
Bear
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit

Time

5:08:00 AM
12:12:00 AM
8:22:00 PM
6:28:00 PM
9:10:00 AM
9:10:00 AM
12:22:00 PM
6:35:00 AM
12:48:00 PM
5:33:00 PM
6:13:00 PM
12:07:00 PM
4:00:00 AM
6:02:00 PM
6:05:00 PM
3:16:00 AM
3:42:00 AM

Date

Elevation
26-Nov
19-Nov
21-Nov
16-Nov
29-Nov
29-Nov
19-Nov
24-Nov
24-Nov
17-Nov
19-Nov
21-Nov
17-Nov
17-Nov
18-Nov
19-Nov
19-Nov

3094
3167

3100
3821
3821
3821
3483
3571
3571
3595
3595
3595
3505
3505
3505
3505
3505

Habitat Type
Páramo
Forest
Forest
Páramo
Páramo
Páramo
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

figure 16: Table of all camera trap 16 registries with corresponding camera name,
elevation, habitat type, time of day, and date. Registries are ordered by date of camera
trap collection from the field, not by date or time of registry. Mountain paca, white-tailed
deer, and tapití are abbreviated as “paca”, “deer”, and “rabbit”, respectively.
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Discussion
Transects
The goal of the transect portion of the data gathering was to cover a as much of
the study area as possible and identify species presence at specific points on the
landscape. The hope was that, by finding conclusive evidence of individual mammal
occupation, the study could extrapolate habitat and elevation preferences of each species.
To this end, the study was successful in finding elevation ranges, peak elevation
inhabitancy, and relative use of forest versus páramo areas. Further, the study officially
confirmed the presence of 9 species for the first time in the Angochagua highlands, since
all previous information on species presence was limited to unreported and unverified
accounts.
Considering that 16 species of large mammals are have been recorded in the
nearby Cayambe-Coca National Reserve, a species richness of 9 as shown in this study
could indicate that the transect surveys were less than thorough. Imposing a richness
assumption of 16 species for the study area, the study’s recorded richness of 9 species
represents a sample coverage of just 56.25%. This theoretical sample coverage is low,
and could be interpreted as failing to accurately portray the large mammal community in
the study area. However, a species accumulation curve was used to estimate sample
coverage, and the sample coverage for all transect surveys yielded the rate of 98.58%.
This very high sample coverage suggests that, in fact, almost all species present in the
study area (or at least on the transects) appeared in indirect observations.
This contradiction between the theoretical coverage and the observed coverage
could mean either of two things: that the observed sample coverage is incorrect for some
reason or that the actual species richness of the study area is markedly lower than the
species richness of the nearby analogous ecosystem of Cayambe-Coca National Reserve.
Because the Angochagua study area is a restored ecosystem rather than a truly pristine
ecosystem, it is conceivable that the latter is true. If so, there may be potential for
continued restoration and conservation work in the area to recover native species that
occupy the surrounding wildlands. One possible explanation for the sample coverage
being inaccurate is that each registry was recorded as an observation, when normally each
observation of an individual animal is counted as an observation. Since an individual
animal can produce many registries, especially in the case of Andean bears, counting
each registry as an observation could make the number of individual animals observed
much higher than it truly is.
Due to its pilot-project nature, this study was limited by the resources and
schedule of the BMC, and methodologies with respect to transects could be improved.
Because most of the study period was consumed with the task of placing and setting up
camera traps across the large study area, transects were delineated as expedient routes to
camera sites rather than straight lines randomized across the study area Consequently,
transects were of uneven lengths and not straight. Also, transects had to be surveyed
while trekking to camera trap sites, observations that require even slower walking and
more attention to detail may have been precluded.
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The lack of methodological standardization makes any comparison of relative
species activity between different parts of the study area somewhat inconclusive. But
although relative usage cannot be compared between different regions of the study area, it
can be compared between different elevations and habitat types within transects for each
species. Furthermore, since each species could theoretically access any part of any
transect, the transects served as a control for differences in habitat usage between species.
Thus, in addition to determining habitat and elevation preference for each species, these
preferences could be compared between different species of the large mammal
community. Though limited in scope of habitat characteristics, these comparisons serve
as a preliminary suggestion of niche partitioning between competing species. In the
absence of previous large mammal studies in the Angochagua highlands, these results are
the first suggestive of niche partitioning and niche preference in this specific community.
Both elevation and habitat partitioning are interesting ways of understanding niche
partitioning, but of the two measures, only habitat partitioning was standardized with
respect to the relative survey effort. Elevation partitioning was analyzed by categorizing
each registry according to the 100m elevation band it fell within when executed. If each
100m elevation band was surveyed equally, with equal distances of transects occupying
each band, then differences in numbers of registries in different elevation bands would
only represent differences in the species activity at each elevation. In this study, however,
transects could not be separated into segments based on the elevation range due to
limitations of the Garmin online map platform. Unfortunately, without standardizing
sampling effort, a confounding variable is introduced. As such, there is no conclusive
evidence to suggest which elevation bands are truly favored by each species, but the
species’ relative preference for elevation bands within the elevations surveyed can still be
compared.
Figures 13 and 14 illustrate the relative differences in elevation occupancy,
showing two very clear peaks in registries at around 3100 and 3600 m. These peaks could
simply represent areas that were more heavily surveyed, but each species favors one peak
over the other. These differences in exactly where the registry peaks lie for each species
were tested for statistical significance (figure 15). The most interesting result of these
tests was that the difference between the elevation of peak registries for Andean bears
was significantly different from the peaks for any other species recorded in the study. The
abundant data on bears showed that they occupied essentially every elevation surveyed manifesting elevation flexibility - in contrast to a relatively narrow elevation span
observed for the other species. It is possible, however, that the peak elevation occupancy
for bears may have simply represented the most thoroughly surveyed elevation.
Unlike elevation preference data, habitat preference data was standardized with
respect to the uneven division of transects between páramo and forest. Presenting habitat
preference data in the form of registries per kilometer of each habitat ensured that the
data did not only reflect the differences in sampling effort between habitat types.
Consequently, the habitat preference data for each species may be the most useful and
accurate data regarding species’ use of the landscape. Despite limited data, the habitat
preferences observed for mountain tapir and Andean bear appear to be valid since they
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accord with previous findings. Andean bears and Mountain tapirs are known to occupy
many of the same habitats, perhaps in part because Andean bears prey on mountain tapirs
where they are available. Both species are known to prefer forest habitats over open
páramo but use páramo for seasonal feeding and for linkages between isolated forest
patches (Ríos-Uzeda, 2006) (Downer, 2000). The higher rate of registries for both species
in forest habitats is consistent with these previous findings and underscores the
importance of the small forest patches within the study area (figure 3). Puma was also
found to have higher rates of registries in forest habitats, but comparing this result to
previous studies would be irrelevant, since pumas inhabit a remarkably wide range of
habitats across two continents, and their habitat preference has not yet been studied in an
ecosystem similar to the study area.
Perhaps the most useful outcome of the study is the set of maps and corresponding
coordinate datasets of indirect registries, since they confirm exact locations of species’
presence within the study area. The first step in protecting large mammal species is
learning which habitats they occupy and how they use the landscape. Knowledge of these
individual species’ needs on the landscape scale will inform the local communities,
conservation organizations (such as the BMC), and the Ecuadorian government as to
which areas or habitats are of highest conservation or restoration priority.
Even the limited results of this study suggested one area of high conservation priority.
The high ridgelines of the far north end of the study area, where transects 8, 9, 10, and 11
were positioned, showed the highest species richness of any section of the study area. Of
the 9 species observed across the entire study area, all but the mountain paca were
recorded at least once along the connected transects 10 and 11. Most importantly, all
mountain tapir registries were recorded on transect 11, a significant finding since
mountain tapir are the most endangered species in the study area, and their occupation
zone must be identified to support conservation efforts. Additionally, the pampas cat was
only recorded in transect 10. Though not within the scope of this study, it is also
important to mention that a pair of Andean Condors, critically endangered in Ecuador,
were observed nesting on the cliff that drops off just below transect 11. Notably, virtually
every threatened, endangered, or banner species of the Ecuadorian High Andes was
recorded as coexisting within an area of merely a few square kilometers. Isolated from
any alpaca or other grazing activity and with very limited human use, this part of the
study area may represent a multi-species refuge and reservoir of species diversity that
remains unparalleled across the study area. A later stage of restoration that other parts of
the study area have yet to reach. Needless to say, this small area of habitat carries
extraordinary conservation importance in relation to its modest size.

Camera Traps
Over the short duration of the study, the camera traps yielded far fewer registries
than expected. With only 16 registries in total spanning all species, there was insufficient
data to perform any worthwhile analyses. Instead of generating an independent data set to
compare with transect survey data, camera traps mostly produced data complementary to
the transect data. Camera trap registries were added to the transect registries dataset to
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add GPS points for species with very few transect registries. This proved to be useful, but
not something that could only be achieved with camera traps. Camera traps are inherently
limited in the area they can cover.a traps is that they inherently cover much less area than
transect surveys and are not capable of capturing a full representation of the large
mammal community in such a short time.
The main advantage of camera traps over transect surveys is that they were not
affected by ground cover or habitat characteristics that can hide or limit animal signs. For
example, animal tracks are confined to soft ground, feces are more obvious on open
ground with less vegetation, and feeding sites are detected in conjunction with evidence
of specific and identifiable foraging habits (such as a pile of leaves). Considering all the
variables that can impede detection of indirect registries, camera traps would appear to be
the better option for surveying large mammal communities. On the flip side, camera traps
are expensive, and each trap only covers a very small area. These limitations suggest the
need for using both methods in tandem.
Camera traps captured only five species in total, and all of them were also
recorded in transect surveys. As such, the camera traps added nothing to the overall
species richness value for the study area. The only unique data from the camera traps that
could not be obtained through transect surveys pertained to daily activity schedules of
species. Because camera traps record the time of day they are triggered, they yield a
temporal data set that could show peak times of species activity, assuming sufficient data.
Unfortunately, the camera traps in this study fell short of the amount of data necessary to
support any conclusion regarding peak species activity times. Nevertheless, the few time
stamps obtained for each species at least offer a glimpse of activity that can help validate
or challenge results of previous studies. Bears and rabbits were observed in both day and
night, while pumas and paca were only observed at night, and deer were only observed in
day. But, aside from the rabbits, no species was recorded more than four times, so the
data cannot be deemed conclusive as to species’ characteristic temporal schedules Of
course only rabbits were recorded more than four times, so these data are not in any way
conclusive. Nevertheless, these data do correspond to expected times of activity for all
species based on common knowledge.

Conclusion
As the first study of large mammals in the Angochagua highlands, the objective of
this project was simply to inventory species and learn about their use and partitioning of
habitats within the area. A related objective was to pave the way for future study by
evaluating the efficacy of camera traps for recording species’ presence and activity in this
area. With twelve functional camera traps recording for two weeks and 28 kilometers of
transect surveyed twice, a total of nine species were detected. These nine species
included the endangered mountain tapir, the locally endangered Andean bear, the locally
threatened puma, and the locally threatened white-tailed deer. With a sample coverage of
98.58%, the transect registries theoretically represent almost the entire large mammal
community in the study area.
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To determine the most important habitats for each species, investigators
calculated the rate of registries per kilometer for each habitat type. Mountain tapir, puma,
Andean fox and Andean bear all displayed higher relative activity in forest habitats, while
white-tailed deer and all other species showed the reverse pattern. All habitat preferences
reflected conclusions of previous literature where available. To determine the elevational
range of highest activity for each species, investigators tallied the number of registries in
each 100m elevation band. This yielded graphs of peak registries organized by elevation,
and it depicted areas of overlap between species with shared elevational ranges. The
difference in average elevation occupancy between Andean bears and all other species
was statistically significant, while most other species did not show significant differences
in elevation occupancy. Though lacking large datasets to substantiate these findings, this
study is the first to indicate niche partitioning by large mammals in the examined area.
Camera traps were largely unproductive as to quantity of data yielded, but they
provided preliminary information about peak activity times for each species observed.
Since camera traps will be left running for an entire year as part of a more in-depth study,
the effort of placing cameras was by no means futile. These camera traps will be used to
estimate population densities of select large mammal species and to improve the sample
coverage beyond what a short-term study was able to achieve. Beyond the camera traps
used in this study, fourteen more are planned for future installation to supplement data
from existing cameras. Since reliable population estimates are lacking for essentially all
of the large mammal species of the high Andes, distribution data, population densities,
and behavioral data resulting from aggregate camera observation over a year-long time
frame will be invaluable in promoting the knowledge and conservation of this unique
ecosystem.
Perhaps the most useful result of the study is that there are now confirmed,
precise locations showing a presence of every high-profile species in the Andes
Ecosystem. Additionally, an area of high conservation importance was identified within
the study area: the far northern páramo and forest valleys around transects eight through
eleven. This portion of the study area was confirmed to host eight of the nine species
observed as well as nesting Andean condors, and it was the only area with signs of
mountain tapir, the most endangered mammal in the community. Considering that the
páramos of this area were overgrazed and largely degraded only twenty years ago, this
study shows remarkable recovery of the ecosystem in the form of recolonization by
multiple large mammal umbrella species. These large mammals depend on the ecosystem
but also sustain it with controlled herbivory regulated by predators. Since these healthy
habitats store and filter the water supply for Ibarra, the Angochagua highlands present a
perfect example of conservation efforts benefitting both wildlife and people. Above all,
this study highlights the need for continued restoration and conservation in the study area,
since these habitats are precious both for the struggling species and dependent human
settlements they sustain.
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